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Description 



[METHOD TO RELAX ALIGNMENT 
ACCURACY REQUIREMENT IN 
FABRICATION FOR INTEGRATED CIRCUIT 

] 

Background of Invention 
[ooo 1 ] Field of Invention 

[0002] The present invention relates to a fabrication method for 
an integrated circuit. More particularly, the present inven- 
tion relates to a method for lowering the demand in align- 
ment accuracy in an integrated circuit fabrication process. 

[0003] Description of Related Art 

[0004] photolithography is one of the most important steps in 
semiconductor processing. As devices become smaller, 
the demand in alignment accuracy is higher and the pro- 
cessing window is reduced. In order to have an accurate 
alignment, a more advanced and usually more costly 
lithography machine is required. 



[0005] For example, the fabrication of a conventional mask ROM 
(Read-Only Memory) device would encounter the afore- 
mentioned problem. During the coding of a mask ROM 
device according to the prior art, as shown in Figure 1, a 
pre-coding layer 20 is first formed on a substrate 10. This 
pre-coding layer 20 comprises a plurality of openings 30 
that corresponds to the pre-coding region of the sub- 
strate 10. A photoresist layer 40 that comprises the pre- 
coding opening 50 is formed over the pre-coding layer 
20. Using the photoresist layer 40 as a coding mask, an 
ion coding process is performed. Since forming the open- 
ing 50 in the photoresist layer 40, the opening 50 has to 
align accurately to the pre-coding region in the substrate 
100. In the case when a misalignment occurs, as shown in 
Figure 1, the opening is excessively misaligned to one 
side. The pre-coding opening 30 is then not completely 
exposed. Therefore, during the coding process, only a 
portion of the dopants are implanted into the coding re- 
gion and the purpose of coding is thereby not achieved. In 
the prior art, the alignment accuracy requirement is very 
high. The processing window is therefore very small. In 
order to increase the alignment accuracy, a more ad- 
vanced machine is used for the lithographic process. 



However, an advanced machine would greatly increase 
manufacturing cost. 
[0006] Referring to Figure 2, in order to obviate the aforemen- 
tioned problem, one conventional approach is to enlarge 
the opening 60 of the coding mask 40 in order to com- 
pletely expose the pre-coding opening 30 in the mask 
layer 20. However, even the dimension of the opening 60 
of the coding mask 40 is increased, extra dopants may be 
implanted into the undesired coding region. The distance 
between the neighboring pre-coding openings 30 needs 
to be increased to prevent such problem. Consequently, 
the miniaturization of the device can not be effectively 
achieved. 
Summary of Invention 

[0007] Accordingly, the present invention provides a method for 
forming a mask layer, wherein the alignment accuracy re- 
quirement in the fabrication of an integrated circuit can be 
relaxed so as to greatly increase the process window. 

[0008] The present invention provides a method to relax align- 
ment accuracy requirement in the fabrication of an inte- 
grated circuit, wherein the method comprises forming a 
mask layer over a substrate, and the mask layer is formed 
with a plurality of first openings. Thereafter, a buffer layer 



fills the first openings. A photoresist layer is then formed 
on the substrate, followed by patterning the photoresist 
layer to form a second opening which exposes a part of 
the buffer layer. Isotropic etching is further performed to 
remove the buffer layer exposed by the second opening to 
expose the sidewall of the corresponding first opening. 
The photoresist layer is further removed to expose the 
mask layer that comprises the opening pattern and the 
embedded buffer layer, wherein the mask layer is served 
as a hard mask for the subsequent process. 
[0009] | n accordance to the embodiment of the present inven- 
tion, the mask layer is formed with, for example, silicon 
oxide, while the buffer layer is formed with, for example, 
a spin-on material or a metal. To remove the buffer layer 
exposed by the second opening, an etchant of a high 
buffer layer-to-mask layer etch selectivity is used. There- 
fore, even an alignment error occurs when the photoresist 
layer is defined to form the second opening, the buffer 
layer in the first opening that corresponds to the second 
opening is completely removed as long as the second 
opening exposes a portion of the buffer layer in the cor- 
responding first opening. In other words, as long as the 
process in defining the first opening in the mask layer is 



accurate, the alignment accuracy requirement for the sec- 
ond opening can be signficiantly relaxed. When the sec- 
ond opening is formed to expose a portion of the buffer 
in the corresponding first opening, the first opening is 
exposed when the buffer layer in the first opening that 
corresponds to the second opening is completely re- 
moved. The mask layer that comprises the opening and 
the embedded buffer layer can thus serve as a hard mask 
of the subsequent process. 

[0010] | n accordance to the present invention, the opening in the 
mask layer is first filled with a buffer layer. Further using a 
photoresist layer as an etching mask, the buffer layer in a 
pre-determined region is completely removed based on 
the different etching rate of the buffer layer and the mask 
layer. The mask layer that comprises the opening and the 
embedded buffer layer is then used as a hard mask layer 
for the subsequent processing. 

[° 01 1 ] Since the alignment accuracy requirement for the second 
opening is relaxed, the process window can be greatly in- 
creased according to the present invention. 

[° 012 ] Since the opening of the mask layer can be accurately 

aligned with the predetermined region, the consequences 
resulted from a misalignment of the opening in the mask 



layer as in the prior art are prevented. 

[0013] Moreover, the mask layer that comprises the opening, and 
the embedded buffer layer are together used as a hard 
mask in the subsequent manufacturing process. The 
alignment accuracy of the hard mask layer is completely 
determined by the accuracy in the patterning process of 
the mask layer and will not be affected by any alignment 
error occurs during the patterning of the photoresist layer 
for the second opening. 

[0014] it j S to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 

[0015] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0016] Figures 1 and 2 are schematic drawings illustrating the 
fabrication method for a mask ROM device according to 
the prior art. 



[0017] Figures 3A to 3E are schematic, cross-sectional view dia- 
grams illustrating process flow for fabricating a hard mask 
layer according to a first aspect of the present invention. 

[0018] Figures 4A to 4E are schematic, cross-sectional view dia- 
grams illustrating process flow for fabricating a hard mask 
layer according to a second aspect of the present inven- 
tion. 

[0019] Figure 5 is a schematic top view of Figures 3C and 4C of 
the present invention. 
Detailed Description 

[0020] First Aspect of the Present Invention: Referring to Figure 

3A, a substrate 100 is provided, wherein a patterned mask 
layer 102 is formed over the substrate 100. The mask 
layer 102 comprises a plurality of openings 104 that ex- 
poses the substrate 100. The mask layer 102 is formed 
with a material that comprises, for example, silicon oxide, 
and the mask layer 102 is formed by, for example, chemi- 
cal vapor depositing a silicon oxide layer, followed by us- 
ing photolithography and etching techniques to pattern 
the silicon oxide layer to form the openings 104. The ref- 
erence number 104a depicts one opening in the plurality 
of the openings 104. The sizes and shapes of the various 
openings 104 can be the same or different, or the various 



openings 104 can have the same shapes but different 
sizes. The plurality of the openings 104 can be arranged 
in an array or randomly. 

[0021] Thereafter, as shown in Figure 3B, a buffer layer 106 is 

formed over the substrate 100. The buffer layer 106 cov- 
ers the top surface of the mask layer 102 and fills the 
openings 104. The buffer layer 106 etches significantly 
faster than the mask layer 102. The buffer layer 106 is 
formed with, for example, spin-on glass. The buffer layer 
106 can also formed with, for example, a metal, such as, 
tungsten, titanium or titanium nitride. 

[0022] Thereafter, as shown in Figure 3C, the buffer layer 106 
that is above the surface of the mask layer 102 is re- 
moved, leaving the buffer layer 106a inside the opening 
104, wherein the buffer layer inside the opening 104a is 
depicted with the reference number 106b. Removing the 
buffer layer 106 above the surface of the mask layer 102 
includes performing, for example, an etch back process or 
a chemical mechanical polishing process. A mask layer 
108, for example, a photoresist layer, is then formed over 
the substrate 100. This mask layer 108 comprises at least 
an opening 110, wherein the number of opening 110 is 
greater than one, but not greater than the number of the 



opening 104. Further, the position of the opening 110 
correspond to the pre-determined position of the opening 
104a in the opening 104, wherein the opening 110 ex- 
poses a portion of the buffer layer 106b that fills the 
opening 104a. 

[0023] Thereafter, as shown in Figure 3D, due to the significantly 
higher etch rate of the buffer layer 106b and choosing an 
etchant that can provide a high etching selectivity ratio 
between the buffer layer 106a and the mask layer 102, 
and between the buffer layer 106a and the mask layer 
108, the buffer layer 106b inside the opening 104a that is 
exposed by the opening 110 is completely removed to 
expose the bottom and the sidewall of the opening 104a 
while keeping the size and the shape of the opening 104a 
intact. In other words, using an etchant that has a high 
etching selectivity ratio to remove the buffer layer 106a, 
the size and shape of the opening 104a in the mask layer 
102 can maintain perfectly intact. Removing the buffer 
layer 106b in the opening 104a includes performing, for 
example, isoptropic etching, such as, wet etching. When 
the buffer layer 106b is, for example, spin-on glass, a hy- 
drofluroic acid solution, which provides a higher etching 
rate to the buffer layer 106b but a lower etching rate to 



the mask layer 102, 108, can be used as an etchant. 

[0024] one point that is worth noting is that the opening 110 in 
the mask layer 108 needs not be fully exposed the buffer 
layer 106b in the opening 104a for the complete removal 
of the buffer layer 106b. Therefore, the dimension of the 
opening 110 can be reduced to increase the distance "L" 
between the perimeter of the opening 110 and the 
perimeter of the neighboring openings 104 so as to in- 
crease the process latitude. Further, the opening 110 is 
not limited to a circular shape. Therefore, the patterning 
conditions are less demanding and, thus, a less expensive 
machine can be used to perform this process. Further, 
even the opening 110 in the mask layer 108 is not per- 
fectly aligned to the opening 104a in the mask layer 102, 
as shown in Figures 3C and 5, the buffer layer 106b in the 
opening 104a is completely removed in the subsequent 
etching, as long as the opening 110 in the mask layer 108 
exposes a portion of the buffer layer 106b in the opening 
104a. Further, the size and shape of the opening 104a are 
perfectly maintained without any alteration. 

[0025] Thereafter, as shown in Figure 3E, the mask layer 108 is 
removed to expose the mask layer 102. The opening 104 
in the mask layer 102 is filled with the buffer layer 106a, 



while the opening 104a is not filled with any buffer layer 
and exposes the substrate 200. 

[0026] The above mask layer 102 that comprises the embedded 
buffer layer 106a, and the opening 104a can together use 
as a hard mask in a subsequent process, for example, as a 
hard mask for performing an ion implantation process or 
an etching process. 

[0027] | n other words, the opening 104 in the mask layer 102 is 
first filled with the buffer layer 106a, followed by using 
the photoresist layer 108 as an etching mask and an 
etchant that has a high etching rate ratio between the 
buffer layer 106a and the mask layer 108, 102 to com- 
pletely remove the buffer layer in a pre-determined re- 
gion. Further, the size and the shape of the opening 104a 
are kept intact. Thereafter, the mask layer that comprises 
the opening 104a, and the embedded buffer layer 106a 
can together be used directly as a hard mask for the sub- 
sequent process. 

[0028] The opening 104a in the mask layer 102 can be accurately 
aligned to the pre-determined region. The problems re- 
sulted from a misalignment of the opening in the mask 
layer are prevented. 

[0029] when the mask layer 102 is defined to form the opening 



104, the density of the opening 104 pattern is uniform. 
The openings in the hard mask layer can have the same 
dimensions if the openings 104 have the same dimension. 

[0030] Further, since the mask layer 102 that comprises the 

opening 104a, and the embedded buffer layer 106a are 
together used as a hard mask for the subsequent process, 
the alignment accuracy of the hard mask layer is com- 
pletely determined by the accuracy in the patterning of 
the mask layer 102. Therefore, any error that occurs dur- 
ing the patterning of the photoresist layer 108 will not af- 
fect the accuracy of the hard mask layer. 

[0031] since the opening 110 in the photoresist layer 108 only 
needs to expose a part of the buffer layer 106a in the 
opening 104a of the mask layer 102, the dimension of the 
opening 110 can be reduced and does not need to be as 
big as required in prior art. Since the dimension of the 
opening 110 can be the same as or smaller than that of 
the opening 104, the distance between the openings 104 
in the mask layer 102 can be effectively reduced to 
achieve the miniaturization of devices. 

[0032] Second Aspect of the Present lnvention:Further, forming a 
mask layer 102 with an embedded buffer layer 106a is not 
limited to the method disclosed in the first aspect of the 



present invention. Forming a mask layer 102 with an em- 
bedded buffer layer 106a can also use the method dis- 
closed in the second aspect of the present invention. The 
second aspect of the present invention is detailed in the 
following in accordance to Figures 4A to 4E. 

[0033] Referring to Figure 4A, a substrate 100 is provided, 

wherein a plurality of buffer layers 106a is formed over 
the substrate 100. The reference number 106b is used to 
depict one of the buffer layers 106a. The sizes and the 
shapes of the various buffer layers 106a can be the same 
or different, or the buffer layers 106a can have the same 
shape but different sizes. Further, the plurality of the 
buffer layers 106a can be arranged in an array or ran- 
domly. The buffer layer 106a comprises a material that 
includes a spin-on material, such as, spin-on glass, or a 
metal, such as, tungsten, titanium or titanium nitride. 
Forming the buffer layer 106a includes forming a blanket 
buffer layer over the substrate 100, followed by using 
photolithography and etching techniques to pattern the 
blanket buffer layer. 

[0034] Thereafter, as shown in Figure 4B, a mask layer 102 is 
formed over the substrate 100 to cover the top surface 
and the surrounding of the buffer layer 106a. The materi- 



als used in forming the mask layer 102 and the buffer 
layer 106a have different etching selectivity. The material 
used for the mask layer 102 include, for example, silicon 
oxide, and is formed by, for example, chemical vapor de- 
position or high-density plasma chemical vapor deposi- 
tion. 

[0035] Continuing to Figure 4C, the mask layer 102 that covers 
the top surface of the buffer layer 106a is removed, leav- 
ing the mask layer 102a that fills the surrounding of the 
buffer layer 106a. Removing the mask layer 102 includes 
performing etch back or chemical mechanical polishing. 
Subsequent to the removal of the mask layer 102 that 
covers the top surface of the buffer layer 106a, a mask 
layer 102a with an embedded buffer layer 106a is thereby 
formed over the substrate 100. Another patterned mask 
layer 108 is then formed over the substrate 100, for ex- 
ample, a photoresist layer. This mask layer 108 comprises 
an opening 110, which exposes a part of the buffer layer 
106b. 

[0036] Referring to Figure 4D, due to the high etching selectivity 
between the buffer layer 106b and the mask layer 102a, 
and between the buffer layer 106b and the mask layer 
108, the buffer layer 106b is completely removed to form 



an opening 104a in the mask layer 102 without any ad- 
verse effect induced upon the mask layer 102 and the 
mask layer 108. Removing the buffer layer 106b includes 
performing isotropic etching, such as, wet etching. The 
buffer layer 106b can form with a spin-on glass material, 
and removing the buffer layer 106b is accomplished by 
using a hydrofluoric acid solution, an etchant that has a 
higher etching rate to the buffer layer 106 but a lower 
etching rate to the mask layer 102, 108. 

[0037] Referring to Figure 4E, the mask layer 108 is removed to 
expose the mask layer 102. The mask layer 102 that com- 
prises the embedded buffer layer 106a, and the opening 
104a can together be used as a hard mask for a subse- 
quent process, for example, for an ion implantation pro- 
cess or an etching process. 

[0038] The aforementioned method includes forming the buffer 
layer 106a above the substrate 100, followed by forming a 
mask layer 102a at the surrounding of the buffer layer 
106a. Thereafter, a mask layer 102 with an opening 104a 
and an embedded buffer layer 106a are together formed 
as in the first aspect of the present invention and there- 
fore will not be reiterated. 

[0039] | n accordance to the present invention, an embedded 



layer is formed on the substrate, further by forming an 
opening in the embedded layer as a hard mask layer for a 
subsequent process. The embedded layer is formed by 
embedding a first material layer and a second material 
layer, wherein the first material layer (buffer layer 106a) is 
not in a continuous phase, and is encompassed by the 
second material layer (mask layer 102) to form a continu- 
ous phase. In the first aspect of the present invention, a 
continuous phase is first formed, followed by forming a 
discontinuous phase, while in the second aspect of the 
present invention, a discontinuous phase is first formed, 
followed by forming a continuous phase. 
[0040] The methods disclosed in the above two aspects of the 
present invention are applicable in the fabrication of a 
mask ROM device. The substrate 100 includes a semicon- 
ductor substrate having agate and source/drain regions 
already formed thereon and therein, respectively. The 
mask layer 102 is, for example, a pre-coding layer, and 
the opening 104 in the mask layer 102 is, for example, 
the pre-coding opening formed in the pre-coding layer. 
The opening 110 in the mask layer 108 is, for example, a 
coding opening defined by a coding mask. During the 
coding ion implantation process, the mask layer 108 is 



not the mask used for coding. The coding process is con- 
ducted using the hard mask layer, which is the mask layer 
102 that comprises the embedded buffer layer 106a and 
the opening 104a. Since the pre-coding opening can be 
accurately aligned to the gate, the coding ions can be ac- 
curately implanted to the coding region underlying the 
gate. 

[0041] | t W j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



